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Abstract 
The chemical bath deposition (CBD) method has become very popular in recent years, 
especially for the thin film deposition, because it has less expensive than other thin film 
deposition methods which allows for the manufacture of relatively low cost devices. Cd0.9Zn0.1S 
thin films have been deposited on galass substrate with different deposition times from 30 min 
to 90 min by chemical bath deposition method. The optical and structural properties are 
investigated for different deposition times to get better insight into the microstructure of the 
material. The average grain size of the films is increased from 204 to 347 Å with increase in 
deposition time. The micro strain of the films is measured from XRD studies. The absorption of 
the films is increased and shifts the absorption peak to lower wavelength sides with deposition 
time. The energy gap of the films is increased with deposition times as observed in grain size. 
The micro strain, band gap and absorption enhancement with deposition time are due to the 
grain size enhancement with deposition time.    
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1. Introduction 
Group II VI semiconductor thin films have attracted considerable attention from the research 
community because of their wide use in the fabrication of solar cells and other opto-electronic devices [1, 
2]. CdS is one of the very important wide gap semiconductors, because of their wide applications in opto-
electronics, such as non-linear optics, visible-light emitting diodes and lasers [3]. Due to its low band gap, 
the CdS window layer absorbs the blue portion of the solar spectrum, which causes the decrease in the 
efficiency of solar cells [4, 5]. Since ZnS has larger band gap than CdS, the doping of Zn on CdS 
increases the band gap of CdS [6-8]. Moreover, a higher Zn concentration leads to a high resistive 
material, which helps increase the film resistance [9]. Therefore, in present study a very small amount of 
Zn is doped with CdS thin films and the band gap is tuned by increasing deposition time. Cd xZnxS thin 
films have been prepared using various techniques, such as    electro-deposition, chemical bath 
deposition, successive ionic layer adsorption and reaction (SILAR) and metal-organic chemical vapour 
deposition. Because of low coast and more suitable for large area deposition, the chemical bath deposition 
method is used to prepare Cd0.9Zn0.1S film. In the present investigation, the structural and optical 
properties of Cd0.9Zn0.1S film are studied with different deposition times. 
2. Experimental details 
2.1. Sample preparation 
The Cd0.9Zn0.1S thin films were prepared onto glass substrate by Chemical Bath 
Deposition (CBD) technique. The film was prepared by the following steps: 
 Commercially available, optically pure glass plates were used as substrates to deposit the 
film. Cleaning process of the substrates is very important in getting a uniform thin film 
deposit. Before deposition, the substrate was cleaned using hot chromic acid followed by 
double distilled water and alcohol. The cleaned substrate was kept dipped in de-ionized 
water before use. 
 For the preparation of Cd0.9Zn0.1S thin films, Cadmium chloride (CdCl2), Zinc nitrate 
(Zn(NO3)2) and Thiourea (NH2-CS-NH2) were used as source materials of Cd2+, Zn2+ and 
S2- ions respectively. 0.2M solutions of Cadmium chloride (CdCl2), Zinc nitrate (Zn(NO3)2) 
and Thiourea (NH2-CS-NH2) were prepared in double distilled water. Each of the elemental 
source solution was stirred for 5 min to obtain ion homogeneity for uniform deposition. 
 Preparation of Cd0.9Zn0.1S thin film was made by mixing 90 ml of Cadmium chloride 
(CdCl2), 10 ml of Zinc nitrate (Zn(NO3)2) and 100 ml of Thiourea (CS(NH2)2) in 250 ml 
beaker and made alkaline by the addition of NH3. The solution mixture was again stirred to 
form a homogeneous solution. The well  cleaned glass substrates were placed vertically 
into the chemical bath. The pH was found to be 10.5. The temperature of the reaction bath 
was maintained at 80 ± 5° C. The films were prepared under continuous stirring. The 
deposition time was changed from 30 minutes to 90 minutes to optimize the films. The 
deposited films were cleaned with de-ionized water and alcohol. Cleaning was necessary to 
remove the surface impurities and minimize the particle agglomeration. Deposited films 
were dried in an oven at 50  80 ° C for 2 min. As deposited, Cd0.9Zn0.1S thin films were in 
golden yellow colour.  
 
2.2. X-ray diffraction (XRD) studies  
The crystal structure of Cd0.9Zn0.1S thin films were determined by X-ray diffraction. XRD 
patterns were recorded on a RigaKuC/max-2500 diffractometer using CuK  radiation (  = 
1.54056 Å) at 40 kV and 100 mA with a scanning rate of 8° min-1 from 2  = 10° to 70°.  
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2.3. Scanning Electron Microscope (SEM) studies
The surface morphology of Cd0.9Zn0.1S thin films were studied using a scanning electron
microscope (SEM, Philip XL 30). 
2.4. UV-Visible optical absorption studies
The UV-Visible optical absorption study of the samples was carried out with a view to
explore their optical properties. The spectral absorption of the films was determined using UV
visible spectrometer (Model: lambda 35, Make: Perkin Elmer) in the wavelength range from 
300 nm to 600 nm at room temperature.
3. Results and discussion 
3.1.Structural study 
II VI group semiconductor materials shows the structural duality, and can be formed 
either sphalerite (cubic, zinc blend type) or wurtzite (hexagonal type). To determine the crystal
structure of the as deposited thin films the X ray diffraction patterns were studied, and are
shown in Fig. 1. The comparison of the observed diffraction peak patterns with standard 
diffraction data file (JCPDS card no. 80 0006) confirmed the deposited films have Cubic
structure. The obtained thin films were homogeneous with good adherence and having the
Cubic structure.
The grain size of the films are measured using Debye Scherrer formula,
                         Average crystal size (D) =
(1)
ve length of X
Fig. 1 XRD spectra of Cd0.9Zn0.1S thin films
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Micro-strain ( ) = (2)
the predominant recrystallization process in the polycrystalline thin films and the movement of 
interstitial zinc atoms from inside the crystallites to its grain boundary which dissipate and lead 
to a reduction in the lattice imperfection [14, 15]. The variation of d-value, grain size, cell 
parameter and microstrain with deposition time is shown in table 1.
Table 1 The variation of d-value, grain size, cell parameter and microstrain with
deposition time of Cd0.9Zn0.1S thin films
Deposition time 
(min)
d-value
(Å)
Grain size
(Å)
Cell parameter
(Å)
Microstrain
(10-3)
30 3.3165 204 5.7443 6.97
60 3.3385 231 5.7825 6.15
90 3.3165 347 5.7443 4.09
3.2. Scanning electron microscope (SEM) Microstructural analysis
SEM is a promising technique for surface morphological study of the samples and it 
provides the valuable information about the shape and size of the particle or grains. Figures 2 a-
c show the SEM images of Cd0.9Zn0.1S thin films prepared at different deposition times at 30, 60
and 90 min. The SEM pictures of Cd0.9Zn0.1S thin films clearly show the average grain size of 
the nanoparticles in the films are in the nanometer size.
                       
90 min 
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Fig. 2. SEM photographs for (a) 30 min. (b) 60 min. (c) 90 min 
 
The growth of all the deposited Cd0.9Zn0.1S thin films is smooth, homogenous and 
densely packed with uniform grain size. It is clearly noticed from Fig. 2 that the average grain 
size of the deposited films are increased with increase in deposition time as observed in the 
Table 1. 
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3.3. Optical study 
The optical absorption spectra of as deposited Cd0.9Zn0.1S thin films have been taken for 
different deposition times (30 min., 60 min., and 90 min.) at room temperatures. Optical 
absorption measurements were made by using UV Visible spectrometer (Model: Lambda 35, 
Make: Perkin Elmer). The absorption spectra of all films were recorded in the range 300 to 600 
nm and shown in Fig. 3. The absorption spectrum shows that the absorption of the films was 
increased with increasing deposition time and also the absorption peaks are shifted towards 
lower wavelength side (324 to 308). The increase in absorption and absorption peak shift is due 
to size effect. 
. 
Fig. 3. Absorption Spectra of Cd0.9Zn0.1S thin films 
 
 The band gap of the given semiconductor films are determined by using the relation 
 
                                 - Eg)n                                                                              (3) 
where, A is a constant, Eg is optical band gap of the material and the exponent n depends upon 
the type of transition. The values of n for direct allowed, indirect allowed, direct forbidden are 
½, 2, 3/2, respectively.  
 
 The energy band gap of the films is estimated by )2 versus h  as shown in     
The band gap of the films is increased with deposition time as shown table 1. The band gap 
enhancement of the Cd0.9Zn0.1S thin films is due to the increase in grain size of the films with 
deposition time. Increase in absorption, absorption peak shift and band gap enhancement with 
deposition time are tabulated in Table 2. 
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Fig 4. A plot of ( h )2 versus h  of Cd0.9Zn0.1S thin films 
  
Table 2. Absorption and band gap enhancement of Cd0.9Zn0.1S thin films 
 
Deposition 
time (min) 
Absorption         
co-efficient 
Wave length corresponding to 
absorption peak (nm) 
Band gap (eV) 
30 1.19 324 2.41 
60 1.58 316 2.45 
90 1.84 308 2.46 
 
The transmission spectrum of the Cd0.9Zn0.1S thin films shows just opposite trend of the 
optical absorbance spectra as shown in Fig. 5. 
Fig. 5. Transmission spectra of Cd0.9Zn0.1S thin films 
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4. Conclusions 
 The followings are the conclusions drawn from the present investigation: 
 Cd0.9Zn0.1S thin films are prepared for different deposition time by chemical bath deposition 
method successfully. 
 The obtained Cd0.9Zn0.1S films are homogeneous with good adherence and having the Cubic 
structure. The average grain size of the films is varied between 20- 34 nm, which are 
obtained from XRD studies.  
 Microstrain of Cd0.9Zn0.1S films are decreased with increase in deposition time. 
 The observed increase in the energy gap and the microstrain with the increase in deposition 
time is due to the enhancement of grain size distribution.  
 Optical transmission results show the opposite trend of the optical absorption results. 
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